Thrombocytopenia in Infants and Children
Objectives After completing this article, readers should be able to:
Introduction
Platelets are essential for maintaining the integrity of the vascular endothelium and controlling hemorrhage from small-vessel injury through the formation of platelet plugs (primary hemostasis). More extensive injury and involvement of larger blood vessels requires, in addition to platelets, the participation of the coagulation system to provide a firm, stable, fibrin clot (secondary hemostasis). Thrombocytopenia, defined as a platelet count of less than 150ϫ10 3 /L (150ϫ10 9 /L), is the most common cause of defective primary hemostasis that can lead to significant bleeding in children.
Thrombocytopenia should be suspected when a child presents with a history of easy bruising or bleeding, particularly mucosal or cutaneous bleeding. However, the most common office presentation of a patient who has isolated thrombocytopenia is the unexpected discovery of a low platelet count when a complete blood count (CBC) is obtained for unrelated reasons. Thrombocytopenia can be caused by one of two mechanisms: decreased production of platelets or increased destruction or removal of platelets from the circulation. Management of thrombocytopenia should be guided by an understanding of its cause and clinical course. The principal management goal in all patients who have thrombocytopenia is to maintain a safe platelet count to prevent significant bleeding. What constitutes a safe platelet count in a specific patient varies, depending on the cause of the thrombocytopenia and consideration of all other aspects of hemostasis, as well as the patient's expected level of activity. macrophage system. In disorders characterized by increased platelet destruction and shortened platelet life span, a healthy marrow may increase platelet production over the basal rate by about tenfold.
Circulating platelets perform many critical hemostatic functions. When small blood vessels are transected, platelets accumulate at the site of injury, forming a hemostatic plug. Platelet adhesion is initiated by contact with extravascular components, such as collagen, and facilitated by the presence and binding of von Willebrand factor. Secretion of mediators of hemostasis (eg, thromboxane, adenosine 5Ј diphosphate, serotonin, and histamine) cause firm aggregation via fibrinogen binding and increase local vasoconstriction. Platelets also are necessary for normal clot retraction. Bleeding risk increases with a low platelet count.
The normal platelet count ranges from 150 to 450ϫ10 3 /L (150 to 450ϫ10 9 /L). The risk of bleeding does not increase until the platelet count falls significantly below 100ϫ10 3 /L (100ϫ10 9 /L) ( Fig. 1). (1) A platelet count greater than 50ϫ10 3 /L (50ϫ10 9 /L) is adequate for hemostasis in most circumstances, and patients who have mild thrombocytopenia will likely never be recognized unless a platelet count is obtained for other reasons. Patients who have moderate thrombocytopenia, with platelet counts between 30 and 50ϫ10 3 /L (30 and 50ϫ10 9 /L) are rarely symptomatic (ie, easy bruising or bleeding), even with significant trauma. Patients who have persistent platelet counts between 10 and 30ϫ10 3 /L (10 and 30ϫ10 9 /L) are often asymptomatic with normal everyday activities but may be at risk for excessive bleeding with significant trauma. Spontaneous bleeding typically does not occur unless platelet counts are less than 10ϫ10 3 /L (10ϫ10 9 /L). Such patients commonly have petechiae and spontaneous bruising, but even they may be entirely asymptomatic. In most cases, it appears that the platelet count must be less than 5ϫ10 3 /L (5ϫ10 9 /L) to cause critical spontaneous bleeding (eg, atraumatic intracranial hemorrhage [ICH] ). (1) Younger circulating platelets are larger and more hemostatically active. Thus, patients who have destructive thrombocytopenias accompanied by a brisk production and release of younger platelets have less severe bleeding symptoms than patients who have a similar degree of thrombocytopenia due to impaired platelet production, resulting in an older circulating population of platelets.
Causes of Thrombocytopenia
The system used most often to categorize the different causes of thrombocytopenia is based on the underlying pathologic mechanism leading to the thrombocytopenia, that is, either increased destruction or decreased production of platelets (Table 1) .
Increased Destruction
Disorders involving increased destruction or removal of platelets from the circulation typically result in the appearance of enlarged platelets on the peripheral blood smear (PBS), indicating that the bone marrow is producing new platelets to compensate for the increased destruction. In this setting, examination of the bone marrow generally shows normal or increased numbers of megakaryocytes. The destructive mechanisms resulting in thrombocytopenia are:
• Immune-mediated destruction • Platelet activation and consumption • Mechanical platelet destruction • Platelet sequestration and trapping
IMMUNE-MEDIATED DESTRUCTION.
The most common cause of thrombocytopenia due to increased de- hematology thrombocytopenia struction of platelets in infants and children is an immune-mediated process. Autoantibodies, drugdependent antibodies, or alloantibodies may mediate platelet destruction through interaction with platelet membrane antigens, leading to increased platelet clearance from the circulation.
Primary ITP is an acquired immune-mediated disorder characterized by isolated thrombocytopenia in the absence of any obvious initiating or underlying cause. (2)(3) Formerly, the abbreviation ITP stood for idiopathic thrombocytopenic purpura. The new terminology reflects the current understanding of the immunemediated nature of the disease and the absence or minimal signs of bleeding in most cases. The platelet count now used to define cases of ITP is less than 100ϫ10 3 /L (100ϫ10 9 /L). (2) The term secondary ITP refers to immune-mediated thrombocytopenias that are due to an underlying disease or to drug exposure. (2)(3) The distinction between primary and secondary ITP is clinically relevant both in regard to prognosis and treatment.
ITP is the most common immune-mediated thrombocytopenia in children, with an annual incidence of symptomatic cases estimated to be between 3 and 8 cases per 100,000 children. Pediatric patients who develop ITP usually present between the ages of 2 and 10 years, with a peak incidence at 2 to 5 years. There does not appear to be a significant sex bias in childhood ITP.
The typical case of symptomatic childhood ITP is characterized by the sudden appearance of bruising or mucocutaneous bleeding in an otherwise healthy child, often after a preceding viral illness. An increased risk of ITP is also associated with measles, mumps, rubella immunization, which accounts for perhaps 50% of all ITP cases during the second year after birth. This form of ITP tends to be transient and rarely is the bleeding severe.
The history should reveal no systemic symptoms such as fever, weight loss, or bone pain. Other than mucocutaneous bleeding, patients should appear well. No lymphadenopathy or hepatosplenomegaly should be present. If one or more of these findings are present, another diagnosis should be strongly considered. Otherwise, the diagnosis of ITP can be made based on two criteria: 1) isolated thrombocytopenia with otherwise normal blood counts and PBS and 2) no clinically apparent associated conditions that may cause thrombocytopenia.
The severity of bleeding symptoms in childhood ITP is proportionate to the degree of thrombocytopenia. Serious bleeding requiring transfusion is uncommon. The presenting platelet count is usually less than 20ϫ10 3 /L (20ϫ10 9 /L). This value probably is due to patients who have higher platelet counts, which are much less likely to lead to bleeding, never coming to medical attention. Children who have ITP and platelet counts greater than 30ϫ10 3 /L (30ϫ10 9 /L) usually have few or no symptoms and require no treatment other than restriction of activity and avoidance of medications that have antiplatelet or anticoagulant activity. For those whose platelet counts are below 30ϫ10 3 /L (30ϫ10 9 / L), treatment recommendations are based on the presence and severity of associated bleeding symptoms or the risk thereof. (4)(6) ITP is now classified by duration into newly diagnosed, persistent (3-to 12-month duration), and chronic (Ͼ12-month duration). (2)(3) Whereas ITP in adults typically has an insidious onset and follows a chronic course, ITP in children is usually short-lived, with about two thirds of patients making full and sustained recoveries within 6 months of presentation, with or without treatment. (2)(3) Children who have persistent or chronic ITP or who manifest any atypical features should be referred to or discussed with a hematologist experienced in the assessment and treatment of children who have ITP.
Neonatal alloimmune thrombocytopenia (NAIT) is an uncommon syndrome whose estimated incidence in the general population is 1 in 1,000 to 5,000 births. The condition is manifested by an isolated, transient, but potentially severe thrombocytopenia in the neonate due to platelet destruction by maternal alloantibodies. NAIT occurs when fetal platelets contain an antigen inherited from the father that the mother lacks. Fetal platelets that cross the placenta into the maternal circulation trigger the production of maternal immunoglobulin (Ig) G antiplatelet antibodies against the foreign antigen. These antibodies recross the placenta into the fetal circulation and destroy the body's platelets, resulting in fetal and neonatal thrombocytopenia (analogous to hemolytic disease of the newborn). In contrast to Rh sensitization, NAIT often develops in the first pregnancy of an at-risk couple. The most serious complication of NAIT is ICH, which occurs in approximately 10% to 20% of affected newborns, with up to 50% of these events occurring in utero. (7) The mother of a newborn who has NAIT is asymptomatic, although she may have a history of previously affected pregnancies. Affected newborns typically present with signs consistent with severe thrombocytopenia, including petechiae, bruising, and bleeding, but are otherwise healthy. Platelet counts are often less than 10ϫ10 3 /L (10ϫ10 9 /L). The platelet count typically falls in the first few days after birth, but then rises over the next 1 to 4 weeks as the alloantibody concentration declines. In families who have an affected infant, the rate of recurrence is as high as 75% to 90%, and thrombocytopenia in the second affected child is always as or more severe than in the first. (7) Neonatal autoimmune thrombocytopenia also can occur. This disorder is mediated by maternal antibodies that react with both maternal and infant platelets. This pathologic mechanism occurs in maternal autoimmune disorders, including ITP and systemic lupus erythematosus (SLE). The diagnosis usually is apparent from the mother's medical history and maternal thrombocytopenia. Mothers of infants who manifest unexplained neonatal thrombocytopenia should be investigated for the presence of an autoimmune disorder because neonatal thrombocytopenia can sometimes be the presenting sign of maternal disease. Clinical signs are consistent with isolated thrombocytopenia, as in NAIT.
The risk of severe thrombocytopenia and ICH is greater in alloimmune than in autoimmune neonatal thrombocytopenia. Ninety percent of infants born to mothers who have ITP have safe (Ͼ50ϫ10 3 /L [50ϫ10 9 /L]) or normal platelet counts. (8) The risk for severe thrombocytopenia in the infant generally correlates with the severity of ITP in the mother. Neonatal thrombocytopenia may be predicted if the mother has had a splenectomy for treatment of chronic refractory ITP, the mother's platelet count has been less that 50ϫ10 3 /L (50ϫ10 9 /L) at some time during the pregnancy, or an older sibling has had neonatal thrombocytopenia. (8) Platelet counts of infants born to mothers who have ITP often decrease sharply during the first several days after birth. The nadir typically occurs at 2 to 5 days of age, and infants should be monitored closely during this time. (8) Autoimmune diseases such as SLE can present in childhood with isolated immune-mediated thrombocytopenia, and the true diagnosis may not be apparent for a prolonged period of time. Autoimmune diseases occur more commonly in older children and have an insidious onset of symptoms and persistent thrombocytopenia beyond 6 months from the time of presentation. Infrequently, other autoimmune-mediated cytopenias present coincidentally with thrombocytopenia. In particular, Evans syndrome is characterized by a Coombs (direct antiglobulin test)-positive hemolytic anemia in association with immune-mediated thrombocytopenia. Antibody-mediated thrombocytopenia also occurs with antiphospholipid antibody syndrome and autoimmune lymphoproliferative syndrome.
Drug-induced thrombocytopenia is a rare cause of thrombocytopenia in children. Medications begun within the past month are more likely to be the cause of the thrombocytopenia than medications that have been taken for longer periods of time. Drug-induced thrombocytopenia is typically caused by drug-dependent antibodies formed against a new antigen on the platelet surface that is created by drug binding to a platelet surface protein. Heparin-induced thrombocytopenia, which can be associated with severe thrombosis, is due to the formation of antibodies against the heparin-platelet factor 4 complex. The platelet count in heparin-induced thrombocytopenia is usually only moderately decreased.
hematology thrombocytopenia
Although this condition is more commonly seen in adults, heparin-induced thrombocytopenia has been described in children. Other drugs commonly used in pediatrics that can cause thrombocytopenia include carbamazepine, phenytoin, valproic acid, trimethoprim/ sulfamethoxazole, and vancomycin. Support for the diagnosis of drug-induced thrombocytopenia is provided by resolution of the thrombocytopenia within approximately 1 week of withdrawal of the offending drug.
PLATELET ACTIVATION AND CONSUMPTION. In patients who experience disseminated intravascular coagulation (DIC) and the microangiopathic disorders hemolytic-uremic syndrome (HUS) and thrombotic thrombocytopenic purpura (TTP), thrombocytopenia occurs because of systemic platelet activation, aggregation, and consumption (Table 2 ). More localized platelet activationandconsumptioncontributestothethrombocytopenia seen in Kasabach-Merritt syndrome (KMS), necrotizing enterocolitis (NEC), and thrombosis in infants and neonates. In infants who have KMS, thrombocytopenia results from shortened platelet survival caused by sequestration of platelets and coagulation activation in large vascular malformations of the trunk, extremities, or abdominal viscera. Cutaneous vascular lesions are noted at birth in approximately 50% of patients. Detection of visceral lesions requires imaging studies. All patients have severe thrombocytopenia, hypofibrinogenemia, elevated fibrin degradation products, and fragmentation of red blood cells on PBS.
NEC is a syndrome of gastrointestinal necrosis that occurs in 2% to 10% of infants whose birthweights are less than 1,500 g. Thrombocytopenia is a frequent finding and can result in significant bleeding. In the early stages of NEC, declining platelet counts correlate with the presence of necrotic bowel and worsening disease. The primary mechanism of thrombocytopenia appears to be platelet destruction, although the destruction is not caused by laboratory-detectable DIC in most cases. Thrombosis in infants and neonates is often accompanied by thrombocytopenia. A thromboembolic disorder should be considered if the thrombocytopenia cannot be explained by other conditions.
MECHANICAL PLATELET DESTRUCTION.
The use of extracorporeal therapies, such as extracorporeal membrane oxygenation, cardiopulmonary bypass, hemodialysis, and apheresis, is associated with mechanical destruction of platelets, which may result in thrombocytopenia. Exchange transfusion also may reduce platelet number by loss in the exchange effluent. Severe ongoing hemorrhage requiring rapid and repeated red blood cell transfusions may lead to thrombocytopenia due to a "wash out" phenomenon.
PLATELET SEQUESTRATION AND TRAPPING. About one third of the platelet mass is normally sequestered in the spleen at any given time. A greater proportion of platelets are sequestered in patients who experience hypersplenism, reducing the number of circulating platelets and leading to thrombocytopenia. The survival of platelets in persons who have hypersplenism is normal or near normal. It is the pooling and unavailability of platelets "trapped" in the spleen that is the problem. Leukopenia or anemia also may accompany a low platelet count caused by hypersplenism. Conditions in this category include:
• Chronic liver disease with portal hypertension and congestive splenomegaly. Occasionally, isolated thrombocytopenia may be the initial manifestation of this type of chronic liver disease. The platelet count is typically in the range of 50 to 100ϫ10 3 /L (50 to 100ϫ10 3 /L) and usually does not represent a clinically important problem.
• Type 2B and platelet-type von Willebrand disease.
Thrombocytopenia in this disorder is caused by increased removal of platelets from the circulation. Increased binding between larger von Willebrand factor multimers and platelets leads to the formation of small platelet aggregates that are cleared from the circulation, resulting in a lower platelet count.
• Malaria with hypersplenism. This diagnosis should be considered in any child who has fever, splenomegaly, thrombocytopenia, and a history of recent travel to an endemic area.
Decreased Production
Impaired platelet production may be due to loss of bone marrow space from infiltration, suppression or failure of cellular elements, or a defect in megakaryocyte development and differentiation. In this setting, examination of the bone marrow generally shows decreases in the number of megakaryocytes. Causes of marrow dysfunction include:
• INFECTION. Thrombocytopenia due to infections not associated with evidence of DIC is usually caused by bone marrow suppression. In some cases, increased destruction due to an infection-induced immune-mediated process or splenomegaly and reticuloendothelial hyperactivity may compound the problem of bone marrow suppression. The most common infectious agents associated with thrombocytopenia due to bone marrow suppression are Epstein-Barr virus, cytomegalovirus, parvovirus, varicella virus, and rickettsiae. In most cases, the thrombocytopenia is transient, with recovery within a period of weeks. Thrombocytopenia is a common finding in patients who are infected with the human immunodeficiency virus (HIV), in whom both platelet destruction and impaired production appear to play roles in decreasing the platelet count.
CYANOTIC HEART DISEASE. Cyanotic congenital heart disease is associated with thrombocytopenia. The cause is unclear, but the mechanism appears to involve decreased production of megakaryoctes.
BONE MARROW FAILURE OR INFILTRATION.
Thrombocytopenia associated with anemia and leukopenia (ie, pancytopenia) suggests general bone marrow dysfunction or infiltration. Serious disorders such as leukemia or other malignancy, hemophagocytic lymphohistiocytosis, acquired aplastic anemia, myelodysplasia, and inherited bone marrow failure syndromes such as Fanconi pancytopenia syndrome and dyskeratosis congenita can present with pancytopenia. General bone marrow dysfunction can also be caused by exposure to chemotherapeutic agents or radiation.
Acute lymphoblastic leukemia is the most common childhood leukemia. Affected children usually have other clinical and laboratory findings besides thrombocytopenia. These manifestations include systemic symptoms such as fever, bone pain, and weight loss as well as hepatosplenomegaly, lymphadenopathy, leukocytosis, and anemia.
Acquired aplastic anemia is a rare disorder caused by profound, almost complete bone marrow failure. Specific symptoms associated with acquired aplastic anemia vary but can include fever, fatigue, dizziness, weakness, headaches, and episodes of excessive bleeding. Pancytopenia is often seen on presentation. Based on the response of approximately 50% of patients to immunosuppressive medications, including antithymocyte globulin, cyclosporine, high-dose corticosteroids, and cyclophosphamide, most cases are now believed to be due to an immune-mediated destruction of hematopoietic stem cells.
Fanconi pancytopenia syndrome is a rare autosomal recessive disorder. The mean age at diagnosis of the pancytopenia is approximately 6 to 9 years, but the condition may be recognized earlier by characteristic congenital malformations that are present in 60% to 70% of affected patients. The most common malformations are hypopigmented macules, café-au-lait macules, abnormalities of the thumbs, microcephaly, and urogenital abnormalities. Short stature of prenatal onset may also be seen.
NUTRITIONAL DEFICIENCIES.
Folate, vitamin B12, and iron deficiencies have been associated with thrombocytopenia. Folate and vitamin B12 deficiencies impair bone marrow production, usually resulting in pancytopenia. Iron deficiency, which can cause either thrombocytosis or thrombocytopenia, appears to impair a late stage of thrombopoiesis. Thrombocytosis and iron deficiency may be a response to gastrointestinal blood loss.
GENETIC CAUSES OF IMPAIRED THROMBOPOIESIS.
A large number of rare inherited diseases present with reduced platelet count, and many involve impaired platelet function as well. These conditions arise from genetic defects of the megakaryocyte lineage that result in impaired thrombopoiesis. The consideration of congenital thrombocytopenia should be greater in patients who have a prolonged history of asymptomatic abnormal platelet counts or a family history of thrombocytopenia. Some patients born with congenital thrombocytopenia are followed for many years with the presumptive diagnosis of ITP until another family member is discovered to have a low platelet count. Table 3 outlines the genetic causes of impaired thrombopoiesis.
Clinical Manifestations
Children who have thrombocytopenia may be asymptomatic or symptomatic. In asymptomatic patients, thrombocytopenia is often detected unexpectedly on a CBC obtained for another clinical issue. Symptomatic patients generally present with mucosal or cutaneous bleeding.
Mucosal bleeding usually manifests as epistaxis, gingival bleeding or extensive oral mucous membrane bleeding ("wet purpura"), hematuria, or in postpubertal females, excessive menstrual bleeding. The presence of "wet purpura" is widely perceived as a risk factor for potentially life-threatening hemorrhage.
Cutaneous bleeding usually appears as petechiae or hematology thrombocytopenia superficial ecchymoses. Patients who have thrombocytopenia may also have persistent, profuse bleeding from superficial cuts. Petechiae, the pinhead-sized, red, flat, discrete lesions caused by extravasation of red cells from skin capillaries and often occurring in crops in dependent areas, are highly characteristic of decreased platelet number or function. Petechiae are nontender and do not blanch under pressure. They are asymptomatic and not palpable and should be distinguished from small telangiectasias and vasculitic (palpable) purpura. Purpura describes purplish discolorations of the skin due to the presence of confluent petechiae. Ecchymoses are nontender areas of bleeding into the skin that are typically small, multiple, and superficial and can develop without noticeable trauma. Ecchymoses often have a variety of colors due to the presence of extravasated blood (red or purple) and the ongoing breakdown of heme pigment in the extravasated blood by skin macrophages (green, yellow, or brown). This pattern of bleeding differs from that of patients who have disorders of coagulation factors, such as hemophilia. Patients who have thrombocytopenia tend to have less deep bleeding into muscles or joints, more bleeding after minor cuts, less delayed bleeding, and less postsurgical bleeding. In addition, patients who have coagulation factor disorders tend not to have petechiae. Although rare, bleeding into the central nervous system is the most common cause of death due to thrombocytopenia. When such bleeding occurs, it is often preceded by a history of head trauma.
Evaluation
A thorough history and physical examination and judicious use of laboratory testing can lead to the appropriate diagnosis in most patients (Fig. 2) . Patients should be questioned about past and current bleeding symptoms, including bruising with little or no trauma, nosebleeds, blood in the urine or stool, gum bleeding, bleeding with surgical or dental procedures, or excessive menstrual bleeding. Duration and onset of the bleeding symptoms may help determine whether the cause is acquired or congenital. If thrombocytopenia is due to an acquired cause, the onset of symptoms may be linked to a specific trigger (eg, infection). Congenital thrombocytopenia should be considered in patients who have a prolonged history of asymptomatic abnormal platelet counts or a family history of thrombocytopenia.
In children who have suspected or known thrombocytopenia, the skin, gingivae, and oral cavity should be examined carefully for evidence of bleeding. In hospitalized patients, careful examination for bleeding should be performed at the site of indwelling catheters, drains, and incisions or areas of previous trauma. Table 4 lists the "red flags" in the history and physical examination of children who have thrombocytopenia that should lead to consideration of diagnoses other than ITP.
Laboratory Evaluation
The laboratory evaluation of thrombocytopenia begins with a CBC and evaluation of the PBS. Although a dying skill for most general practitioners, the ability to assess the PBS accurately is invaluable in the evaluation of children who have thrombocytopenia or other hematologic abnormalities. Consultation with a hematopathologist or experienced laboratory technologist may be useful.
The CBC should be examined closely for the platelet count and mean platelet volume (MPV) as well as for evidence of any other cytopenias (anemia or leukopenia). A platelet count that does not make sense clinically should be confirmed before undertaking extensive evaluation to be sure that thrombocytopenia exists and the finding is not due to artifact or laboratory error. Spurious thrombocytopenia can be caused by improper collection or inadequate anticoagulation of the blood sample, resulting in platelet clumps that are counted as leukocytes by automated cell counters. Once thrombocytopenia has been confirmed, an MPV that is significantly higher than normal suggests one of the macrothrombocytopenia syndromes. A mildly elevated MPV is consistent with a destructive cause. A low MPV is typically seen in patients who have Wiscott-Aldrich syndrome (WAS) gene mutations.
The PBS should be examined to estimate the platelet number (1 platelet/high power fieldϭplatelet count of ϳ10ϫ10
/L]), determine the platelet morphology and the presence or absence of platelet clumping, and assess whether there are associated white and red blood cell changes. Large platelets suggest either an ongoing platelet destructive process leading to the production of younger and larger platelets or the presence of a congenital macrothrombocytopenia syndrome. Small platelets in the appropriate clinical setting suggest WAS. The presence of schistocytes suggests a microangiopathic process such as DIC, HUS, or TTP. Spherocytes suggest autoimmune hemolytic anemia coupled with immune-mediated thrombocytopenia (Evans syndrome).
Other tests may be useful in determining the cause of the thrombocytopenia but are generally performed based on suggestive findings from the initial history and physical examination and laboratory testing. A positive direct hematology thrombocytopenia Coombs test suggests an autoimmune process in a patient who has evidence of hemolysis as well as spherocytes on the PBS. For patients who have persistant or chronic ITP, antinuclear antibody, serum immunoglobulins (IgG, IgA, IgM), and antiphospholipid antibodies should be considered. Fibrin degradation products and fibrinogen measurements are useful to diagnose intravascular coagulation.
If the PBS results are consistent with a microangiopathic process, additional tests should be considered, including serum lactate dehydrogenase and creatinine to assess for HUS or TTP. HIV testing should be considered because thrombocytopenia may be the initial disease manifestation in as many as 10% of patients who have HIV infection. If clinical suspicion or local prevalence is high, tests to identify hepatitis C viral infection or Helicobacter pylori infection should also be considered.
Screening tests for inherited disorders associated with thrombocytopenia should be considered in patients who experience chronic thrombocytopenia, especially in the presence of short stature or other congenital anomalies.
Platelet antibodies can be detected by a variety of assays. Although many of these assays have high sensitivity, they lack specificity and are not indicated or performed routinely to confirm the diagnosis of acute ITP in children.
A bone marrow examination is not necessary in most cases of isolated unexplained thrombocytopenia in children. In general, a bone marrow examination is indicated when clinical signs or symptoms suggest either marrow infiltration or failure. These findings include pancytopenia; the presence of blasts on the PBS; and the presence of systemic symptoms such as fever, fatigue, weight loss, or bone pain. A bone marrow examination also is indi- 
Treatment
Management of thrombocytopenia in an individual patient should be guided by an understanding of its cause and predicted clinical course. Correction of the cause may not be possible (eg, congenital thrombocytopenias) or may not be necessary (eg, mild-to-moderate ITP). The principal management goal in all patients who have thrombocytopenia is to maintain a safe platelet count to prevent significant bleeding, not to achieve a normal platelet count. What constitutes a safe platelet count in a particular patient varies, depending on the cause of the thrombocytopenia and consideration of all other aspects of hemostasis. For patients who have significant bleeding symptoms, treatment is essential. Asymptomatic or minimally symptomatic thrombocytopenia may be treated if the thrombocytopenia is severe or the perceived risk of bleeding is great.
Activity Restrictions
When moderate-to-severe thrombocytopenia is recognized, implementing reasonable precautions to minimize bleeding risk is recommended. These steps include trauma precautions (eg, avoidance of contact sports and use of a helmet while cycling) and avoidance of medications that have antiplatelet or anticoagulant activity (including aspirin-containing preparations, ibuprofen, and other nonsteroidal anti-inflammatory drugs).
Invasive Procedures
A platelet count greater than 50ϫ10 3 /L (50ϫ10 9 /L) provides safety for most invasive procedures. If the risks of potentially serious bleeding are believed to be severe, a platelet count of greater than 100ϫ10 3 /L (100ϫ 10 9 /L) is often required by surgeons or anesthesiologists. For common minor procedures, such as tooth extractions, a platelet count of 30 to 50ϫ10 3 /L (50ϫ10 9 /L) often is sufficient.
(1) For patients who have lower platelet counts, some measure to increase the platelet count immediately before the procedure may be required. A short course of corticosteroids (prednisone 2 mg/kg per day for 1 week) or a single dose of immune globulin intravenous (IGIV) (1 g/kg) is often sufficient to increase the platelet count acutely for procedural hemostasis. Platelet transfusions can be used in urgent situations. Although platelet survival in the circulation of patients who have destructive thrombocytopenias may not be normal, platelet transfusion nearly always provides prompt, satisfactory hemostasis, even if only for a short duration.
Emergency Management of Critical Bleeding
Patients who have severe thrombocytopenia and critical bleeding require immediate transfusion of platelets regardless of the cause of the thrombocytopenia. ICH is the most serious consequence of severe thrombocytopenia. Early diagnostic imaging should be considered for patients who have severe thrombocytopenia and neurologic signs or symptoms to identify ICH. For patients who have unstable or progressive ICH, emergency craniotomy may be necessary. For patients who have ITP with life-threatening bleeding, in addition to platelets, adjunctive treatment with high doses of corticosteroid (intravenous methylprednisolone 30 mg/kg 
Thrombocytopenia Associated With Other Cytopenias
Patients who have pancytopenia with systemic symptoms or significant findings on examination should be evaluated carefully in a timely manner because they are at increased risk for a serious disorder that may require urgent intervention. Consultation with a pediatric hematologist should be strongly considered. Treatment of the identified underlying primary disorder guides subsequent management. For such patients, maintenance of a safe platelet count may be only a small part of the overall treatment plan.
Isolated Thrombocytopenia
The most likely diagnosis in an otherwise healthy child who has isolated thrombocytopenia is ITP. Most patients do not have serious bleeding (including those whose platelet counts are Ͻ10ϫ10 3 /L [10ϫ10 9 /L]). ICH is extremely rare, with an incidence of 0.1% to 0.5%. Although treatments for childhood ITP may reduce the severity and duration of the initial thrombocytopenic episode and presumably the risk of bleeding, they do not appear to affect the eventual recovery rate. Up to two thirds of children who have ITP recover within 6 months of presentation with or without treatment. (3)(5) Most experts agree that pharmacologic intervention is not generally needed for children who have mild-tomoderate thrombocytopenia (platelet counts Ͼ30ϫ 10 3 /L] 30ϫ10 9 /L]) because they are unlikely to have serious bleeding. Exceptions to this policy include children who have concomitant or preexisting conditions that increase their risk for severe bleeding and children undergoing procedures likely to include blood loss. (6) For patients whose platelet counts are less than 30ϫ10 3 /L (30ϫ10 9 /L), treatment recommendations are based on the presence and severity of associated bleeding or the risk thereof. Although there is no defined means to predict which children who have ITP will suffer from an ICH, retinal hemorrhages and extensive mucosal bleeding or "wet purpura" have been reported to precede and possibly predict spontaneous ICH. (4) Thus, any individual who has ITP and actual or obvious potential for significant bleeding requires immediate treatment, regardless of the platelet count.
When therapy is indicated, the primary treatment options for the newly diagnosed patient are corticosteroids, IGIV, and anti-Rho(D) immune globulin (Table  5) . Several studies have shown that the duration of symptomatic thrombocytopenia is shortened by any of these three interventions compared with no treatment. All ITP therapies are temporizing interventions intended for rapid reversal of a real or perceived risk for significant hemorrhage. They do not need to be continued until normal platelet counts are reached. Therapy is targeted to increase the platelet count above a threshold (usually Ͼ20ϫ10 Almost all children who develop ITP are treated in the ambulatory setting. Patients who require pharmacologic intervention with IGIV or high-dose intravenous corticosteroids are usually hospitalized for an average of 1 to 3 days. Platelet counts are monitored once or twice weekly, depending on the clinical situation and severity of the thrombocytopenia. When recovery of platelet counts is detected, the interval between platelet count assessment may be lengthened. Monitoring should continue until the platelet count has returned to normal and is stable.
Approximately 20% to 30% of children who present with ITP eventually develop chronic ITP, defined as persistent thrombocytopenia beyond 12 months from the time of presentation. Patients who have chronic ITP are usually clinically indistinguishable from those who have acute ITP at presentation. Children younger than 10 years of age are more likely to have remissions than older patients. Children whose bleeding manifestations last more than 14 days are substantially more likely to develop chronic ITP.
All children who have persistent (3 to 12 months) or chronic (Ͼ12 months) ITP should have their cases reviewed and managed by a pediatric hematologist. Individuals who have chronic ITP should undergo evaluation that includes bone marrow examination to exclude other causes of thrombocytopenia. In chronic ITP, platelet counts tend to range between 20 and 75ϫ10 3 /L (20 and 75ϫ10 9 /L); consequently, many patients require no or only intermittent treatment for episodes of significant bleeding or increased risk of bleeding.
A small percentage of pediatric patients who have ITP hematology thrombocytopenia
and significant hemorrhagic symptoms demonstrate resistance to both corticosteroids and IGIV. Management of such so-called refractory ITP is difficult (Table 6 ).
Pulse intermittent high-dose corticosteroids and splenectomy have been the mainstays of treatment in these situations, although not without significant risks. Newer treatment modalities that may be useful include rituximab, a chimeric anti-CD20 monoclonal antibody, and the thrombopoietin receptor agonists romiplostim and eltrombopag, although studies of these agents in children are limited (9)(10) (11) and not approved by the United States Food and Drug Administration for children younger than 18 years. The recent use of thrombopoietin receptor agonists reflects a new paradigm in the treatment of ITP, with the focus not on reducing platelet consumption through immune modulation or suppression but on increasing platelet production.
Summary
• Thrombocytopenia should be suspected in any child presenting with a history of easy bruising or bleeding or petechiae, but it also may present as an incidental finding in an asymptomatic individual. • Thrombocytopenia may be caused by either increased destruction or removal of platelets from the circulation or decreased production of platelets.
• Destructive mechanisms resulting in thrombocytopenia include immune-mediated destruction, platelet activation and consumption, mechanical platelet destruction, and platelet sequestration or trapping.
• Impaired platelet production may be due to bone marrow infiltration, suppression, or failure or defects in megakaryocyte development and differentiation. 
